Background: Abnormalities in the 12-lead electrocardiography (ECG) are often used to localize the anatomic site of myocardial infarction (MI) and ischemia in patients with coronary artery disease. The same ECG findings are often assumed to correlate with anatomy of coronary arteries as well as the site of occlusion. Unfortunately, there is only limited documentation for correlation between the location of coronary artery occlusion and the finding of Q-waves during MI, thus tending to compromise the predictive value of ECG. Aims and Objectives: The objective of this study is to correlate the accuracy of ECG in localization of culprit coronary vessels involved in acute coronary syndrome-ST-elevation myocardial infarction (ACS-STEMI) and to combine various ECG criteria for localization of culprit vessel and the occlusion site to assess the diagnostic accuracy of ECG as compared to coronary angiographic findings. Materials and Methods: ECGs of patients with MI events, symptomatic or silent, were analyzed for STEMI or non-STEMI. One hundred patients with STEMI satisfying the inclusion and exclusion criteria were included as participants for the study. Coronary angiography was done after an event of acute MI or within 3 months after an event. ECG changes in various leads were used to localize the vessel involved and were correlated with dominant vessel involved in coronary angiography in development of MI. ECG criteria were used to localize the vessel involved. The statistical analysis was done using SPSS for windows version 16.0 software.
INTRODUCTION
Abnormalities in the 12-lead electrocardiography (ECG) are often used to localize the anatomic site of myocardial infarction and ischemia in patients with coronary artery disease. This practice is based largely on autopsy series correlating the site of myocardial infarction with the location of Q-waves on ante-mortem ECGs. Q-waves in the precordial Leads V1-V4 appear to reflect anterior wall infarction; in Leads II, III, and aVF inferior wall infarction; and in Leads I, aVL, V5, and V6 lateral wall infarction. The same ECG findings
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are often assumed to correlate with coronary artery anatomy as well. Anterior wall infarction is usually attributed to disease of the left anterior descending (LAD) coronary artery. Inferior wall infarction is attributed to disease of the right coronary artery (RCA) except in patients with left-dominant systems and lateral wall infarction in whom it is due to disease of the left circumflex (LCX) coronary artery. Unfortunately, there is only limited documentation for these correlations between the location of coronary artery narrowing or occlusions and the findings of Q-waves during myocardial infarction. Studies are often confounded by the inclusion of patients with multi-vessel coronary artery disease, which makes it difficult to determine that the symptoms are due to which vascular distribution. Nonetheless, patients who develop ST depression (STD) in Leads II, III, and aVF during angina are commonly referred to as having "inferior wall ischemia" and are often presumed to have RCA disease. Similar associations are often drawn between STD in anterior precordial leads and LAD artery disease and between STD in so-called lateral Leads I and aVL and LCX disease.
Aims and objectives 1. To correlate the accuracy of ECG in localization of culprit coronary vessels involved in acute coronary syndrome ST-elevation myocardial infarction (STEMI) 2. To combine various ECG criteria for localization of culprit vessel and the occlusion site and to assess its diagnostic accuracy as compared to coronary angiographic findings.
MATERIALS AND METHODS

Sample size
One hundred patients with STEMI satisfying inclusion and exclusion criteria were included as participants for this study.
Population on which study conducted
The study was conducted on patients visiting Cardiology Outpatient Department (OPD) or Inpatient Department (IPD) and General Medicine OPD or IPD of Sir Sunderlal Hospital, BHU, Varanasi, India, during June 2017 to July 2018. The newly diagnosed patients of acute coronary syndrome with ST elevation (STE) in their ECG were included in the study. Written and informed consent was taken. Patients were subjected to detailed clinical examination. ECG of these patients was taken, and on the basis of ECG, patients were differentiated into STEMI and non-STEMI. The coronary angiographic study of patients with STEMI was analyzed.
Patients satisfying the following inclusion criteria were included in the study. 
Details of procedures and methods used
ECGs of patients with MI events, symptomatic or silent, were taken and analyzed whether STEMI or NSTEMI. Only the STEMI patients fulfilling inclusion criteria were included in the study. These patients were evaluated for risk factors such as diabetes, hypertension, smoking, and other addictions. Percentage of association was seen with risk factors in the development of STEMI. Coronary angiography was done after event of acute myocardial infarction or within 3 months after an event. ECG changes in various leads were used to localize the vessel involved and were correlated with dominant vessel involved in coronary angiography in development of MI. ECG criteria were used to localize the vessel involved [Tables 1-3].
Table 1: Electrocardiography criteria to identify site of occlusion in left anterior descending (in anterior wall myocardial infarction)
Criteria Occlusion site
Any one or more of the following STE in aVR Proximal to S1 STD in V5 STE in V1 > 2.5 mm Q in aVL Proximal to D1 STD in lead II ≥ 1.0 mm Proximal to S1 and/or D1 Q in V5 Distal to S1 STD in aVL Distal to D1 No STD in lead III Distal to S1 and/or D1
STD: ST depression, STE: ST elevation
In inferior wall myocardial infarction (IWMI), several ECG criteria identify RCA or LCX as the artery containing the culprit lesion. Each of these criteria is based on one of two anatomic facts.
Patients were divided into three groups, namely Groups I, II, and III according to the localization of occlusion site in LAD, RCA, and LCX coronary arteries, respectively. Group I was further divided into four subgroups: Ia, Ib, Ic, and Id according to whether occlusion in LAD was proximal to S1, LAD proximal to D1, LAD distal to S1, and LAD distal to D1.
Group II was further divided into two subgroups: IIa and IIb according to whether occlusion in RCA was proximal or distal to right ventricular (RV) branch, respectively. 
Statistical analysis of study
RESULTS AND DISCUSSION
ECG is one of the most convenient, noninvasive, and inexpensive tools widely available even in rural areas and peripheral health care. It is highly sensitive for detecting acute myocardial infarction. Majority of ECG changes correlate well with coronary angiographic lesions in accordance with basic physiology and the principles of ECG. However, there can be false-positive and false-negative ECG findings due to wrong placement of leads, limb movements, hairy chest, and lack of electrolyte gel between electrode and skin and in conditions of severe dyselectrolytemia causing muscle twitching and fasciculation including motor neuron disease. In addition, there can be ST-T changes due to nonischemic conditions such as acute pericarditis and subarachnoid hemorrhage. Apart from these modifiable factors, noncorrelation between ECG and coronary angiography is also due to anatomical variation in branching pattern of coronary arteries, and ethnic or racial differences can play a role in it. This study was planned in North Indian population to study and re-establish sensitivity and specificity of ECG with coronary angiography in cases of STEMI. In this study, it was found that in cases of anterior wall myocardial infarction (AWMI), the occlusion is in the LAD coronary artery which is in accordance with the study conducted by Engelen et al., [1] Ghosh et al., [2] and Gorgels et al. [3] With IWMI, occlusion can be either in the RCA or the LCX coronary artery, and this is in accordance with a study conducted by Gupta et al., [4] Kosuge et al., [5] Verouden et al., [6] and Ghosh et al. [2] In AWMI, ST-segment elevation in precordial leads (mainly V1, V2, V3, and V4) indicates occlusion of the LAD coronary artery. ST-segment elevation in precordial leads (mainly V1, V2, V3, and V4) and in Lead aVL in association with ST-segment depression of >1 mm in Leads II, III, and aVF indicates occlusion of the LAD artery proximal to first septal branch and first diagonal branch. In this case, the ST-segment vector is directed upward, toward Leads V1, V2, V3, V4, aVL, and aVR and away from the inferior leads. Hence, ST-segment elevation is present in leads V1, V2, V3, and V4, aVL, aVR, and ST-segment depression in inferior leads, i.e., Lead II, Lead III, and Lead aVF. ST-segment elevation in Leads V1, V2, V3, V4 with absence of ST-segment depression in inferior leads, i.e., Lead II, Lead III, and Lead aVF suggests occlusion of the LAD artery distal to first septal branch and first diagonal branch.
According to a study conducted by Verouden et al., [6] the myocardial distribution of the RCA is slightly rightward in the frontal plane, and consequently, the current of injury resulting from its occlusion will be reflected more in Lead III than in Lead II and STD will be more in Lead aVL than in Lead I. Similarly, the distribution of the LCX is slightly leftward in the frontal plane, and the current of injury from its closure will be seen more in Lead II than in Lead III. As per a study conducted by Bairey et al., [7] an injury vector leftward causing ST-segment elevation in Lead I is common with LCX occlusion but rare with RCA occlusion.
Mortality and morbidity in part are determined by the location of the occlusion. For example, in patients with inferior wall MI who have RV infarction, the culprit artery virtually always is the RCA. Such patients, including those in whom ECG evidence of RV MI is masked, are at increased risk of death, shock, and arrhythmias, including atrioventricular block. Thus, identifying the culprit artery in acute IWMI helps define those in whom aggressive reperfusion strategies are likely to yield the most benefit. Coronary angiography is the best means of determining the culprit artery in acute IWMI. When both the RCA and LCX are severely diseased, however, deciding which one is the culprit can be difficult and having an independent predictor of the culprit artery such as the ECG can be very helpful.
In a study conducted by Engelen et al. [1] entitled "Value of the ECG in localizing the occlusion site in the LAD coronary artery in acute anterior myocardial infarction," published in the Journal of the American College of Cardiology in August 1999, the following results were obtained [Tables 4 -7] .
Electrocardiographic predictors of LAD coronary artery occlusion proximal to the first septal perforator (S1) and/or the first diagonal branch (D1) are shown in Tables 4 and 5 .
Electrocardiographic predictors of LAD artery occlusion distal to S1 and/or D1 are shown in Tables 6 and 7 .
In our study, to diagnose a lesion proximal to S1, we used ECG criteria -STE in aVR and STD in Lead II >1 mm -which had sensitivity, specificity, positive predictive accuracy (PPA), and negative predictive accuracy (NPA) of 43%, 95%, 86%, and 70% and 36%, 100%, 100%, and 68%, respectively, according to Engelen et al. [1] study. We found ECG criteria -STE in aVR and STD in Lead II >1 mm to diagnose lesion in LAD proximal to S1 -which had sensitivity, specificity, PPA, and NPA of 50%, 77%, 45%, and 87.3% and 33%, 60%, 5.1%, and 93.4%, respectively. Specificity and NPA of our study were similar to a study done by Gorgels et al. [8] published in the Journal of the American College of Cardiology in 2001 but sensitivity and PPA were low.
In our study, to diagnose lesion proximal to D1, we used STD in Lead II >1 mm to diagnose lesion in LAD proximal to D1 which had sensitivity, specificity, PPA, and NPA of 34%, 98%, 93%, and 68%, respectively, according to Engelen et al. [1] study. In our study, we found ECG criteria -STD in Lead II >1 mm -which had sensitivity, specificity, PPA, and NPA of 57.1%, 68.3%, 10.25%, and 95.08%, respectively. Sensitivity and specificity in these two studies varied widely, one of the reasons being -only ten patients had coronary angiography showing occlusion in LAD proximal to D1.
In our study, to diagnose lesion distal to S1, we used ECG criteria -absence of STD in Lead III and Q-wave in V5 -which had sensitivity, specificity, PPA, and NPA of 34%, 86%, 77%, and 49% and 24%, 93%, 82%, and 47%, respectively, according to Engelen et al. [1] study. We found ECG criteria -absence of STD in Lead III and Q-wave in V5 -which had sensitivity, specificity, PPA, and NPA of 57%, 81%, 19%, and 96% and 50%, 95%, 42%, and 96%, respectively. Sensitivity, specificity, PPA, and NPA varied in these two studies. In our study, to diagnose lesion distal to D1, we used ECG criteria -absence of STD in Lead III and STD in aVL -which had sensitivity, specificity, PPA, and NPA of 41%, 95%, 92%, and 53% and 22%, 95%, 87%, and 46%, respectively, according to Engelen et al. [1] study. We found ECG criteria -absence of STD in Lead III and STD in aVL -which had sensitivity, specificity, PPA, and NPA of 50%, 82.2%, 23.8%, and 93.6% and 40%, 61.1%, 10.25%, and 90.1%, respectively. Sensitivity, specificity, PPA, and NPA varied in two studies. Most likely reason for variability in results could be ethnicity and racial differences. Engelen et al. [1] study was conducted in American population whereas our study was conducted in Indian population. There could be anatomic variation in branching pattern of left main coronary artery in two populations.
In a study conducted by Gupta et al. entitled "Electrocardiographic differentiation between right coronary and LCX coronary arterial occlusion in isolated IWMI" published in Indian Heart Journal in July 1999, with the objective to study ST-segment elevation in Leads II and III, in order to differentiate between RCA and LCX coronary artery with inferior myocardial infarction who subsequently underwent coronary angiography, results showed that ST-segment elevation was greater in Lead III than in Lead II when the RCA was the culprit vessel and vice versa when the LCX was the culprit vessel (P < 0.001). ST-segment elevation in Lead III was higher than in Lead II with a sensitivity of 99% and a specificity of 100% for diagnosing RCA as the culprit vessel. ST-segment elevation in Lead II was higher than in Lead III with a sensitivity of 93% and a specificity of 100% in identifying the LCX as the culprit vessel. In our study, we found ECG criteria -STE in Lead III > STE in Lead II for diagnosing RCA -which had sensitivity and specificity of 100% and 98.6%, respectively. Similarly, ECG criteria -STE in Lead II > STE in Lead III for diagnosing LCX artery -had sensitivity and specificity of 100%. Our study agreed with results of Gupta et al. [4] In a study conducted by Kosuge et al., [5] entitled "New electrocardiographic criteria for predicting the site of coronary artery occlusion in inferior wall acute myocardial infarction" published in December 1998 in American Journal of Cardiology, standard 12-lead ECGs were used to identify the site of coronary artery occlusion i.e., a site proximal to the origin of the RV branch of the RCA, a site distal to the origin of the RV branch of the RCA, or a site in the LCX. The ratio of STD in Lead V3 to STE in Lead III (V3/III ratio) was evaluated.
Results of the study were following: V3/III ratio <0.5 identified proximal RCA occlusion, 0.5<V3/III ratio < or = 1.2 identified distal RCA occlusion and 1.2<V3/III ratio identified LCX occlusion with sensitivities of 91%, 84%, and 84%, and specificities of 91%, 93%, and 95%, respectively. In our study we found that, V3/III ratio <0.5 identified proximal RCA occlusion, 0.5 <V3/III ratio < or = 1.2 identified distal RCA occlusion, and 1.2<V3/III ratio identified LCX occlusion with sensitivities of 100%, 100%, 100% and specificities of 95%, 95%, 100% respectively. Our study agreed with the results of Kosuge et al. [5] A study was conducted by Verouden et al. entitled "Distinguishing the RCA from the LCX coronary artery as the infarct-related artery in patients undergoing primary percutaneous coronary intervention for acute inferior myocardial infarction" was published in August 2009 in EP Europace. The objective of this study was to investigate the diagnostic accuracy of ECG criteria -STE in Lead III > STE in Lead II for identification of lesion in RCA. This ECG criteria in localizing RCA had sensitivity of 70% and specificity of 72%. We found that this ECG criterion has sensitivity and specificity both of 100%, which were higher than that found in the study by Verouden et al. [6] In a study by Ghosh et al. [2] entitled "ECG-a simple noninvasive tool to localize culprit vessel occlusion site in acute STEMI" published in Indian Journal of Clinical Practice in March 2013. In this study, combination of ECG criteria was used to localize LAD territory. Results of this study are given in Table 8 .
In our study, we found the results [Table 9 ] which were similar to the one mentioned above.
Limitations of this study
The present study has two major limitations. Its sample size is small and coronary angiography was not done immediately on presentation but at a later date. It may be sometimes difficult to attribute a lesion as culprit lesion if angiography is done later in the course after thrombolytic therapy has been given or if multivessel disease is present. Financial support and sponsorship Nil. 
